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REMARKS 

As indicated at the recent meeting with the Examiner, the subject matter of this 
application is of significant commercial importance to the assignee. In order to advance 
prosecution and obtain coverage for the most commercially important subject matter, 
Applicants have revised the present claims to be directed to specific embodiments of their 
invention, i.e., methods for treating secretory diarrhea by oral administration of an isolated 
aqueous soluble proanthocyanidin polymer composition of Croton or Calophyllum which 
composition is protected from the stomach environment either in enterically coated form or 
as a controlled release preparation . All rights are reserved to prosecute all subject matter 
removed from the claims in one or more subsequent applications. 

The Office Action indicates that the status of the parent applications should be 
updated. 

In compliance, the specification is amended to recite the current status of the parent 
applications. 

Claims 1-40 and 42-75 were pending. Claims 1-20 and 48-74 have been cancelled 
without prejudice as non-elected. Attorneys for Applicants reserve all rights to prosecute the 
subject matter of non-deleted claims in a subsequent continuation or divisional application. 
In addition, as indicated above, 42-74 have been cancelled without prejudice as directed to a 
less commercially important embodiment. Claim 39 has been cancelled as redundant since 
claim 22 has been amended to recite administration via the oral route. Claim 2 1 is amended 
to recite a method of treating secretory diarrhea by oral administration of an isolated aqueous 
soluble proanthocyanidin polymer composition of Croton or Calophyllum formulated to 
protect the proanthocyanidin polymer composition from the stomach environment in a 
controlled release preparation, together with a pharmaceutically acceptable carrier. Support 
is found at page 11, lines 26-35; at page 20, lines 18-22; at page 21, lines 22-25. Specific 
support for the administration of the enterically protected isolated proanthocyanidin polymer 
composition as a "controlled release formulation" is provided at page 21, lines 21-24 and in 
the article Langer, 1990, Science 249:1527-33, (Langer) incorporated therein by reference. A 
copy of the Langer article is submitted herewith as Exhibit A. Attention is directed in 
particular to the teaching of Langer at page 1 527, column 2, in particular at paragraph 2 at 
Figure ID at page 1528, etc. All rights are reserved to prosecute any removed subject matter 
in one or more subsequent cases. New claim 76 is added to recite the method of claim 22, in 
which the pharmaceutical composition further comprises a pharmaceutically acceptable 
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carrier. Support is found in the specification, e.g. at page 20, lines 22-24; page 22, lines 37 
through page 26, line 28. Upon entry of the present amendments, claims 21-38, 40, and 75- 
76 will be pending and under active consideration. 

I. Section 112 Rejections 

A. Section 112, 2 nd Paragraph 

Claims 21-40, 42-47 and 75 are rejected as allegedly indefinite with respect to the 
recitation "a pharmaceutically effective derivative thereof because it is asserted that it is not 
clear what compounds are included. The claims are also alleged to be indefinite with respect 
to the recitation of "a therapeutically effective amount of . . . a pharmaceutically acceptable 
derivative thereof as the effective amount is "not delineated with any specificity with respect 
to 'derivatives 5 ." 

While not agreeing in any way with these rejections and simply to advance 
prosecution and obtain coverage for certain embodiments, attorneys for Applicants have 
amended independent claims 21 and 22 (and all claims dependent thereon) to delete the 
recitation "or a pharmaceutically acceptable derivative thereof." Applicants specifically 
reserve all rights to pursue the methods of using a pharmaceutically acceptable derivative of 
the proanthocyanidin polymer composition in a subsequent continuation or divisional 
application. 

Claim 32 is stated to be indefinite in reciting an improper Markush group because of 
the use of two conjunctive clauses. 

In response, claim 32 is amended to delete the extra "and" and to be in proper 
Markush format. No new matter is added. In view of the above amendments, it is submitted 
that this rejection is avoided and must be withdrawn. 

B. Section 112, 1 st Paragraph 

Claims 21-40, 42-47 and 75 are rejected as non-enabled for the full scope of the 
claims. While the Office Action admits that the specification is enabled for the treatment of 
travelers' diarrhea using the isolated proanthocyanidin polymer compositions, it asserts that 
there is no clear and specific teaching how the teaching is adapted to "treat the myriad of 
disease states" of diverse etiologies using each of the diverse compounds. 

Attorneys for Applicants respectfully disagree. In order, however, to more clearly 
point out and distinctly claim the subject matter of the present claims and in no way 
acquiescing with this rejection and reserving all rights to prosecute any subject matter 
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removed from the previous claims in a subsequent continuation application, independent 
claims 21 and 22, (and all claims dependent thereon) are amended to recite that the methods 
comprise administration of an "aqueous soluble proanthocyanidin polymer composition 
isolated from a Croton species or a Calophyllum species." Moreover, as indicated above, 
merely to advance prosecution, the recitation "or a pharmaceutical^ acceptable derivative" is 
deleted from the claims. 

Attention is directed to the Summary of the Invention at page 13, lines 12-37, in 
particular lines 12-23, which teaches that the invention encompasses methods of treating 
secretory diarrhea by administering a therapeutically effective amount of a proanthocyanidin 
polymer composition isolated from a Croton or Calophyllum species formulated to protect 
the proanthocyanidin polymer from the stomach environment. Attention is further directed to 
the Detailed Description of the Invention of the specification, in particular to Section 5.1 
"Preparation of the Proanthocyanidin Polymer Composition" at page 17, line 2 through page 
20, line 12 and Section 5.2. "Pharmaceutical Formulations" at page 20, line 14 through page 
32, line 15. As taught at page 7, lines 9-25, the proanthocyanidin polymer composition is 
comprised of polymers of 2 to 30 flavanoid units; preferably is aqueous soluble and 
preferably is isolated from a Croton or Calophyllum species. As taught by the specification, 
any method known in the art can be used to isolate the proanthocyanidin polymer 
composition from a Croton or a Calophyllum species. See specification at page 17, line 18 
through page 20, line 12. Several references describing methods of isolating the proper 
proanthocyanidin polymer compositions are incorporated by reference. 

The specification, however, makes clear that the isolated aqueous soluble 
proanthocyanidin polymer composition from Croton or Calophyllum cannot be used in the 
methods of the present invention unless it is first formulated in a very specific way . As 
further taught by the specification, at page 20, lines 15-22, the present invention is based 
upon the Applicants' discovery that the isolated proanthocyanidin polymer composition is 
"labile in the environment of the stomach and is stable at pH 5.0 to approximately pH 8.0." 
Hence, as clearly taught, the isolated proanthocyanidin polymer composition must be 
formulated to protect the composition "from the acidity and enzymatic action of gastric 
secretions." In a preferred embodiment, the composition contains the proanthocyanidin 
polymer composition with an enteric coating . Specification at page 20, lines 22-25. Detailed 
description of enteric coatings, i.e., "those coating that remain intact in the stomach, but will 
dissolve and release the contents of the dosage form once it reaches the small intestine" and 
their use to prepare the formulations are provided at page 23, line 1 through page 30, line 23 
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and exemplified, e.g. in Section 8.3. As indicated above, the present claims 22-38, 40 and 
75-76 are specifically directed to this embodiment. 

In another embodiment, the proanthocyanidin polymer composition is protected from 
stomach acid and/or enzymes by formulation as a controlled release preparation. 
Specification at page 20, lines 18-22 and article incorporated therein by reference. 

In view of the above summarized detailed teaching, it is submitted that those skilled 
in the art would surely be enabled to prepare the enterically protected isolated aqueous 
soluble proanthocyanidin polymer compositions used in the presently claimed methods. 

Attention is additionally directed to the teaching of the specification in Section 2.1 of 
the Background of the Invention entitled "Secretory Diarrheas" and to the Detailed 
Description of the Invention entitled "Applications and Methods of Use" at page 32, line 17 
through page 36, line 30 and to the illustrative examples in Section 7 at pages 44-50 and 
Section 9 at pages 59-62. In particular, as clearly taught at page 2, although associated with 
any of a variety of pathogenic or non-infectious etiologies, all "watery" or secretory diarrheas 
are "characterized by loss of fluid and electrolytes through the intestinal tract." Indeed, 
increased efflux of electrolytes into the intestine with osmotically drawn water resulting in 
loss of fluids and electrolytes characterize all forms of secretory diarrheas, regardless of 
etiology. Hence, agents which reduce electrolyte and fluid movement across the intestinal 
epithelium can be used to treat secretory diarrheas, regardless of etiology. See specification 
at page 3, lines 7-12. Moreover, as specifically taught in Section 5.3, at page 32, lines 18-26, 
the aqueous soluble isolated enterically protected proanthocyanidin polymer composition of 
Croton or Calophyllum species "reduces chloride flux across intestinal epithelial cells and 
reduces fluid movement into the intestinal lumen which results in fluid loss and dehydration 
associated with secretory diarrhea." Further, as demonstrated in the working example in 
Section 7.0 at pages 44-50, the enterically protected isolated proanthocyanidin polymer 
composition significantly reduced fluid accumulation in the sealed adult mouse model. 
Additionally, as specifically taught at page 34, lines 19-33, effective dosage ranges of the 
isolated enterically protected proanthocyanidin polymer compositions to be used in the 
presently claimed methods are in the range of 0.1 to 100 mg per day, although optimal 
dosages will depend upon the severity of the secretory diarrhea. In light of such detailed 
teaching and working examples with an art accepted animal model of secretory diarrhea, it is 
respectfully submitted that those skilled in the art would surely be enabled to practice the full 
scope of the claims as presently amended. 



Amendment 



- 10- 



NYJD: 1518515.3 



As indicated at the recent meeting, following the teaching of the specification, clinical 
trials have been conducted by administering, via the oral route, isolated aqueous soluble 
proanthocyanidin polymer composition of Croton in enterically coated form to patients with 
Travellers' diarrhea or with HIV -Associated Diarrhea. Exhibit C, submitted herewith, is a 
Summary of the results of these clinical trials. As demonstrated in Exhibit C at Figures 1, 2 
and 3, oral administration of enterically coated isolated aqueous soluble proanthocyanidin 
polymer composition of Croton (designated "Crofelemer, a/k/a SP-303") to patients suffering 
from Traveller's or non-diarrhea produced a statistically beneficial effect including: 

(1) earlier recovery time (Figure 1); 

(2) increased number of patients experiencing recovery in 24 hours (Figure 2); 

and 

(3) reduction in overall treatment failure (Figure 3). 

As demonstrated in Exhibit C at Figures 4 and 6-7, in the studies of patients with 
HIV-Associated Diarrhea, oral administration of enterically coated tablets or beads of 
isolated aqueous soluble proanthocyanidin polymer composition of Croton produced 
clinically relevant decrease in stool weight. In addition, decreases in stool frequency and 
significant improvement in gastrointestinal symptoms, especially urgency were observed, 
particularly in patients with at least one watery stool and associated urgency at baseline. 

With respect to the allegation in the Office Action that the claims are directed to 
treating a "multiplicity of disease states," it is respectfully submitted that this is not the 
present case. The claims are directed specifically to treating secretory diarrhea, i.e. excessive 
loss of electrolytes and fluid via the intestine associated with any of a variety of etiologies. 
The methods are not directed to treatment, e.g., of AIDS or cancer, but rather to treatment of 
the secretory diarrhea associated with such disease states. 

One skilled in the art would, in view of the detailed teaching of the specification, 
understand such teaching and be able to use the presently taught isolated, enterically 
protected proanthocyanidin polymer composition to treat secretory diarrheas as presently 
claimed. Accordingly, the rejection of the present claims based on Section 112, first 
paragraph, cannot stand and must be withdrawn. 

n. Section 103 Rejection 

Claims 21-40, 42-47 and 75 are rejected under Section 103 as obvious in view of 
Ubillas et al., 1994, Phytomedicine 1 : 77-106 (Ubillas) in combination with U.S. Patent No. 
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4,698,360 to Masquelier (Masquelier), U.S. Patent No. 5,043,160 to Wiirsch and 
Remington's Pharmaceutical Sciences (Remington's) with "applicants' admissions." 

Ubillas is alleged to teach the "use of proanthocyanidin from Croton lechleri is old 
and well known" for treating diarrhea. The Office Action cites to page 78, col. 2, last 
paragraph. The Office Action acknowledges that this reference "differs from the claimed 
invention in the specific formulation and coatings." However, the Office Action alleges that 
"Masquelier recognizes that proanthocyanidin may be administered orally in various stable 
forms that include coatings" citing to col. 6, lines 43-48 and that "Wiirsch teaches that related 
tannin polymers are administered in various forms . . . including with milk . . . and as coated 
tablets." The specification is alleged to disclose that methods of making formulations 
protected against the stomach environment were known in the art as shown by Remington's. 
The Office Action concludes that it would have been obvious to "modify the method of 
treatment of Ubillas by providing proanthocyanidin formulated according to Masquelier and 
Wiirsch for "functionally and structurally related" proanthocyanidins in light of the general 
teachings of Remington's. 

Attorneys for Applicants respectfully but emphatically disagree. Nothing in the cited 
combination of references suggests the presently claimed methods. 

Firstly, contrary to the assertion in the Office Action, the primary reference Ubillas 
does not teach that isolated proanthocyanidin polymers from Croton species were used for 
treating diarrhea. Moreover, the proanthocyanidins described by Masquelier and Wiirsch are 
not structurally or functionally the same as those used in the presently claimed methods. 

With respect to the disclosure of Ubillas, it is respectfully pointed out that the Office 
Action misinterprets the teaching of this reference. The Office Action asserts that the ct use of 
proanthocyanidin from Croton is old and well known" for use in treating diarrhea citing 
Ubillas, page 78, col. 2, last paragraph. The cited portion of Ubillas, however, does not relate 
to an isolated proanthocyanidin polymer composition . Rather, Ubillas refers to the use, by 
native healers, of the red latex obtained from Croton trees . Ubillas teaches that the red latex 
commonly known as "Dragon's Blood" or "Sange de Drago" .... 

Its most common usages are: internally for coughs, flu 'problems with 
lungs', diarrhea, and for stomach ulcers; and topically as a wound healing 
agent for cuts, open sores, herpes infections, for the gums .... The general 
dosage for internal use is 5-10 drops of the red latex in warm or cold water, 
milk or in alcohol . . . 
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The red latex obtained from the Croton tree is surely not the same composition as the 
presently disclosed isolated proanthocyanidin polymer composition formulated for protection 
against the stomach environment. The red latex is simply the sap obtained from the Croton 
trees. It is a crude mixture of a larger number of different kinds of molecules produced as 
secondary metabolites of the trees. Attention is directed to an illustrative reference, Exhibit 
A, Chen et al., 1994, Planta Med 60: 541-545 "Studies on the Anti-Tumour, Anti-Bacterial, 
and Wound Healing Properties of Dragon's Blood" (mentioned in the specification at page 
1 0), a copy of which is submitted herewith and which is already of record as Ref. C03). As 
noted on page 541, col. 2, of Exhibit A, the latex contains a "large number of secondary 
metabolites" including proanthocyanidins as well as six different phenols and their 
derivatives, three steroids and one alkaloid. There is no indication in Ubillas or in any of the 
cited combination of references which of the myriad of compounds in the red latex or indeed 
if the entire combination of compounds in the latex is active for use to treat diarrhea or any of 
the other myriad of conditions for which native healers use the red latex. In fact, as made 
clear by the Chen reference, Exhibit A, the red latex contains a variety of compounds, a 
number of which have biological activity. 

The secondary references cited add nothing to the teaching of Ubillas to suggest use 
of the presently taught isolated aqueous soluble proanthocyanidin polymer compositions 
protected against the stomach environment. 

In complete contrast to the presently used isolated, aqueous soluble proanthocyanidin 
polymers, which, if unprotected are degraded by the stomach environment, Wursch teaches 
condensed tannins which are " insoluble in cold or tepid water, and particularly at body 
temperature, i.e., at 37°C. The result is that they arrive in the intestine without having been 
degraded by gastric acid or inactivated by proteins ." Wursch at col. 2, lines 24-27 (emphasis 
added). In fact, the disclosure of Wursch actually teaches away from and clearly indicates 
that, for the structurally different carob proanthocyanidins taught therein, there is no need for 
protection against the stomach environment . 

Masquelier also does not suggest the presently claimed methods. Rather, Masquelier 
discloses proanthocyanidins, especially in extracts from conifers, for use against diseases 
associated with free radicals. With respect to formulations for oral administration, at col. 6, 
lines 26-28, Masquelier teaches: "For oral administration, the medicament is in the form of 
tablets, sugar coated pills, pellets, pills, capsules, cachets, drinkable ampoules." 
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There is no suggestion, much less any teaching that the extracted conifer 
proanthocvanidins should be protected from the stomach environment . First, there is no 
teaching in Masquelier that any form of the various forms enumerated for oral administration 
is preferred over any of the other forms. Moreover and more importantly, there is no 
teaching in Masquelier that any of the forms including "sugar coated pills" provide any 
protection of the proanthocyanidin polymers against the stomach environment. Much less is 
there any teaching that such protection is needed to obtain a beneficial therapeutic effect 
against diseases associated with free radicals, much less for therapeutic effects against 
secretory diarrhea. 

Remington's, which, as indicated in the specification, simply provides methods for 
preparing formulations which are protected against the stomach environment does not supply 
the teaching missing from the other cited references to give those skilled in the art any 
expectation, much less a reasonable expectation, that an isolated, aqueous soluble 
proanthocyanidin polymer composition of Croton or Calophyllum would need to be 
enterically protected to be useful for treating secretory diarrhea. 

In summary, Ubillas teaches only that the crude latex of Croton containing a myriad 
of different compounds has been used by native healers for diarrhea as well as for a variety of 
other ailments. Masquelier teaches use of conifer proanthocyanidins for treatment of diseases 
associated with free radicals in a variety of formulations with no suggestion to enterically 
protect the proanthocyanidin compositions. Wiirsch actually teaches aqueous insoluble 
proanthocyanidin compositions which do not need enteric protection as they are not 
degraded by gastric acid or gastric enzymes. Remington's is a standard text regarding 
formulations which adds nothing to the other cited references to specifically suggest that 
aqueous soluble proanthocyanidins should be enterically protected. Hence, it is clear that the 
combination of teachings from the cited references without the teaching of the present 
specification would not have suggested to one skilled in the art the presently claimed 
methods. Such hindsight attempt to use the teaching of the present specification to piece 
together bits and pieces of the cited references, even if unconsciously done, cannot be used to 
support an obviousness rejection of the present invention. See, e.g., W.L. Gore & Assoc., 
Inc. v. Garlock, Inc., 721 F.2d 1540, 1552 (Fed. Cir. 1983), cert denied, 469 U.S. 851 
(1984). Without benefit of hindsight, the combination of teachings of the cited references 
could not possibly and does not suggest the present methods of using aqueous soluble 
enterically protected proanthocyanidin polymers of Croton or Calophyllum. 
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In complete contrast, the present specification, e.g. at page 37, lines 5-10 teaches that 
the inventors unexpectedly discovered that an aqueous soluble proanthocyanidin polymer 
composition when orally administered could not be recovered from plasma and that the 
composition was quickly degraded when exposed to simulated gastric fluid but not when 
exposed to simulated intestinal fluids (see specification at pages 37-44). 

Attention is directed to the Declaration of Dr. Akram Sabouni ("Sabouni 
Declaration") submitted herewith with accompanying Exhibits 1 and 2. As indicated in the 
Sabouni Declaration, Dr. Sabouni is one of the co-inventors of the above-identified 
application. Sabouni Declaration at paragraph 1 . He holds a doctorate in Pharmaceutics, has 
post-doctoral training in Pharmaceutics and Drug Delivery and has twenty years experience 
in pharmaceutical research and development. Id. at paragraphs 2-3. 

At paragraph 5 of his Declaration, Dr. Sabouni discusses the experiments presented in 
Section 6 of the specification at pages 37-44. As indicated by Dr. Sabouni, the experiments 
presented therein were conducted under his supervision to investigate whether gastric fluid or 
intestinal fluid had any effect on the stability of the isolated aqueous soluble 
proanthocyanidin polymer composition of Croton. Id. 

As indicated by Dr. Sabouni, the results obtained demonstrated that isolated 
proanthocyanidin polymer composition was labile in the stomach environment but stable in 
the intestinal environment. Id. Moreover, Dr. Sabouni remarks that such results were 
particularly surprising and unexpected even by his colleagues who had familiarity with the 
isolated proanthocyanidin polymer composition. Id. 

At paragraphs 5-9 of his Declaration, Dr. Sabouni discusses side-by-side experiments, 
performed using the murine cholera toxin (CT) treated model of secretory diarrhea described 
in Section 7 of the specification, at pages 44-47, using an isolated aqueous soluble 
proanthocyanidin polymer composition of Croton species (designated "SP-303") either 
enterically protected, e.g., by formulation with NaHCCb designated "SP-303+NaHCC>3" or 
without enteric protection, i.e., in water, designated "SP-303 no NaHCC>3." 

The experiments were performed as follows: 

50- to 52-day-old mice with body masses that ranged from 15.7 to 18.7 g were used. 
Test animals were wild type C57B1/6 and were obtained from Charles River Lab. All 
animals were maintained in metabolism cages with water ad libidum for the duration of the 
experiment. Mice were fasted for 24 hours prior to start of the experiment and were deprived 
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of food during the course of experimentation. Initially (to h), mice were orally dosed with 
cholera toxin (CT (15 jag)) and anorectally sealed with a cyano-acrylamide ester (Superglue). 
Three hours later (t3 h), mice were orally dosed with an isolated, aqueous soluble, enterically 
protected proanthocyanidin polymer composition from Croton species (SP-303) (at a dose of 
0.1, 0.3, 1.0, 3.0, 10, 25, 50 or 100 mg/kg in NaHC0 3 ) or SP-303 in water at 50 mg/kg. 
Control animals were dosed (at t 3 h) with either: NaHCC>3 alone, NaHCC>3 + CT or H2O. 
After a 6 (t6 h) or 7 hour (tj h) incubation of CT, mice were sacrificed and the entire murine 
small intestine from the pylorus to the rectum including cecum was isolated. Care was taken 
to avoid tissue rupture and loss of fluid, and the attached mesentery and connective tissues 
were then removed. The mass of the tissue and the fluid within was determined using an 
analytical balance. The tissue was then opened longitudinally, the fluid removed, and the 
tissue was patted dry. Fluid accumulation was measured as ratio of the mass of accumulated 
fluid in the intestine (small and large including cecum) versus the mass of the intestine minus 
the mass of the fluid. Id. at paragraph 6. 

Exhibit 2, Table 1 , presents the results from dose ranging experiments conducted with 
SP-303 in the cholera mouse model. When SP-303 was administered at a dose of 50 mg/kg 
without enteric protection, no significant reduction in fluid accumulation was observed. Id. 
at paragraph 8. In complete contrast, doses of SP-303 at 25 mg/kg and higher which were 
enterically protected significantly reduced fluid accumulation when compared to controls . Id. 
at paragraph 9. 

Further as exemplified in the working examples in Section 7 at pages 44-50 and 
Section 9 at pages 59-62, the present inventors have discovered and demonstrated in working 
examples that the isolated, aqueous soluble proanthocyanidin polymer composition when 
formulated as an enterically protected, e.g., enterically coated composition significantly 
reduced fluid accumulation in a relevant animal model of secretory diarrhea and is useful to 
ameliorate stool frequency and gastrointestinal symptoms in human patients suffering from 
secretory diarrhea. 

At paragraphs 10-11 of his Declaration, Dr. Sabouni reviews the results of 
experiments presented in the specification of the application in Sections 7 and 9. As 
concluded by Dr. Sabouni, the results presented in the specification demonstrated that the 
entercially protected isolated, aqueous soluble proanthocyanidin polymer of Croton species 
taught by the present application is useful to ameliorate frequency and gastrointestinal 
symptoms, i.e., to treat diarrhea. Id. at paragraph 11. 
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Finally, as concluded by Dr. Sabouni, based on the experiments he has reviewed and 
his experience, in his opinion and judgment one skilled in the art would find the results that 
only when enterically protected is the isolated aqueous soluble proanthocyanidin polymer of 
Croton species effective to treat secretory diarrhea to be surprising and unexpected. Id., at 
paragraph 12. 

In view of these unexpected results and the remarks above, it is submitted that the 
present obviousness rejection cannot stand and must be withdrawn. 



In light of the above amendments and remarks and the experimental evidence of 
unexpected results presented in the specification in Sections 7 and 9 and in Exhibit 2 of the 
Sabouni Declaration submitted herewith, it is submitted that all rejections have been avoided 
or are in error and should be withdrawn. It is further submitted that the present application is 
in form for allowance and early action to that end is requested. 



CONCLUSION 



Respectfully submitted, 



c 



Date: 



July 6, 2004 




JONES DAY 

222 East 41st Street 

New York, New York 10017 

(212) 326-3939 
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(v) Advances in materials science and bkxechnology are permitting 
the devebptnent of new physical and chemical methods of drug 
delivery. In this article, some of the methods being studied to deliver 
drugs are discusaed. 



Chcmical Modification 

A drug may be chemically modified to selectively alter such 
properties as biodutribubon, pharrmcoiunctka, solubility, or anti- 
! gcrucity One example it drugs that are daigned to cross a normally 
unperrhcabk barrier. The blood brain barrier, which contains tight 
endothc£a} eeb hutcnons and prevertta roost mokculcs from enter- 
ing the central nervous system, has been the target of considerable 
research. Several cxperunenral approaches have been developed, in 
which drugs am complcxed to agents that enable them to cross this 
barrier (for example, by rcrukring the drug more lipophilic ot 
coupling it to i molecule that has a specific transport mechanism) 
U). 

Drugs have also been attached to soluble macxomolccutcs such a: 
prtxeim, polysaccharides, or synthetic porymcn via dearadsbk 
linkages. Thb process alters the drug's size and other properties, 
tesulring in different pharmacokinetics and biodJstriburion. One 
example involves coupling the antitumor agent neocatzinostatm tc 
srjTencmukic acid copotjiners (7). When this complex was injecto! 
intra- arteriaQy into patients with hepatocellular carcinoma, de- 
crease* in ct-fctoprotein lewis and tumor size were observed. Ir 
animals, amimroof agents such as doxorubicin coupled to N-(2- 
r^-droxyptopyt) methacrylamide coporymert showed radically al- 
tered pharmacokinetics, resulting in reduced toxicity. The half- life ol 
the drug in plasma and the drug levels in die tumor were increased 
while the concentrations in the periphery decreased (J). 

An exdring approach for **targ«ingf drugs to specific cell* 
involves linkage of a btoacrive agent (drug, radioisotope, or toxin) 
ro a monoclonal antibody. Antibody conjugates are now being 
studied in the treatment of cancer, septic shock, and acquirec* 
immunodeficiency syndrome (AIDS). There are several critica! 
issues in the use of antibodies. With mouse antibodies, anaphylactic 
reactions frequently occur with repeated admmistrarion. Thus, 
ongoing research is directed toward producing human monoelona 
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antibodies or toward making mouse antibodies mote human-like 
through *r)e use of genetic engineering, Tjils problem may" be 
cxaccr Bated for iramOnotoxtm (arttibody toxins) because of the 
broteuWeous character of the toxin. Thus 6ir, ctinacal usefulness of 
imrnunbtoxins. has bjben dcrnomtra*^ in therapy regimen* charac- 
terized by rapid phanWokuktk^ such as treatments for lymphoma 
and graft versus host disease^ and extracorporeal treatments such as 
bone marrow purging*. The powerful killer potential of certain 
toxins'; such -as ftetoor diphtheria toxth, makes Immunotaxim an 
' sio^ctlve approach if an am 

internalized by desired cefb (4). Ar|tibody-'i^iotsotope$'acc over • 
' greater distance, than immunc^pxina. One fc^iucmem with such 
complexes is rhc availability of i suitable chelator that allow* a 
kinetically stable binding of the radioisotope. Hie cfcgradatioO of 
the llnk*r structure between the chefittor and antibody ia also critical, 
jinctnond^gradable strucnitts may cause kidney and liver toxicity. 
■- Initial clinical result* with -certain betft^mrtters have shown fegres- 
won of lymphomas Other critical issues m the : uk of an antibody. are 
tp affinity, specificity, sbe, and targe-scale prtxhrcrion; for cancer 
cftcrnotherapy, rumor characteristics and blood flow are important 
considerations (5). 

Porymeri, such as polycthykne grycoi (PEG), can be attached to 
drugs m either lengthen their Itfairne; or aires their irnmunefftnk i ty. 
The polymers physically prevent ceils and enzymes from attacking 
the drag. PEG- (incase reduced seruni urate levels in paiieno wfib 
hypcrweefltj* arid gout; PEG- asparaginase has been used for 
•patents with leukemia, and PEG^dcnosine deanunase hat been 
used for patients with a severe conTbined immunodeficiency (<f). 
Drug . longevity and invnunc^erudty may atop be afiVcred by 
biological approaches, including protein cngirtcering and altering 
grycosylation patterns. 



Vesicles 

Vesicles are mkroparricuhrtes or colloidal carriers exxnposed o/ 
substance* sucji *J proteins, lipids (ft*, example, 'liposomes), carbo- 
hydrarjes, or synthetic porynttrt. Vesicles shaft ibme of the advan- 
tages of dn^ m*cTOft»lecuIar conjugates (altered pharfoacoJunctics 
and bsoaWbutibn) and majcc~ possible a. pckenriUry higher drug 
3 paylbad. Liposan^ the most widely studied of rnese vesicles, can 
• be formulated with » variety of lipid competitions and stnicnues 
and are potemialry nontoxic, degradable, and ixmimmunogenic. 
However, many hposorrks exhibit poor stability during storage and 
use. Liposome stability may be improved by tncrcasitfg ihe liposo- 
mal cholesterol content or synthesizing polymcrizabrc liposomes, 
but biodegradabiltry may then be diminished (7). Engineering issues 
such as large-scale lipid production and manufacturing of liposomes 
are also critical to the more widespread use of these vesides. 

In clinical studies, liposomal doxorubicin reduces side effects such 
as alopecia and nausea associated with the adnunisr ration of the free 
drug yet permits a higher maximal tolerated dose and a reduction in 
cardiac toxicity of 86% (S). Liposomal amphotericin B is more 
effective than the free drug in treating imirnifvxompromised cancer 
patients with fungal infections Methods are also being studied 
to create liposomes that release more drug in response to specific 
stimuli such as hear, enzymes, potycatioM, light, or pH (JO). 

Vesicles may be "targeted'' either passively or acridly. Passive 
targeting involves (he natural uptake by cdb that scavenge foreign 
mieropartlculatcs such as rericulocrtdothclial cells, which are concen- 
trated in tissues such a$ the liver or spleen, or circulating monocytes. 
Thus, liposomes have been used for delivering toxic agents, such as 
arsenic, to treat liver*specihc parasitic diseases (for example, schisto- 
somiasis) in animal models (If) with doses 01% of those of 
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conventional regimens. Similarly, tmjnwwstirnulaong agents encap- 
. striated ui liposomes are rafcen up by monocytes, which then leads to 
enhanced killer cell activity. This approach is being tested in certain 
cancct oe a tments (J2). Liposomes can also be used to deliver 
vaccines (73). 

Active targeting generally involves placing a charge or recognition 
sequence (for example, from an antibody) onto the vesicle such that 
it is more rapidly taken up by certain cell types (such as cancer celts) 
than others. One difficulty with this approach is that reticuloendo- 
thelial cells also scavenge these vesides. However, recent approaches 
for altering vesicto compositions, by coating them with surfactants 

' or storing lipid eclrrtposirions, may reduce the magnitude of this 
problem (14). Vesicles that contain magnetic micropartides have 

. also been used to target drugs to specific locations in animal models 
via external magnetic fields (f 5), 



Controlled Release Systems 

Controlled release systems deliver a drug at a predetermined rate 
for a definite time period. In general, release rates arc determined by 
the design of the system and are nearly independent of environmen- 
tal conditions, such as pH. These systems can also deliver drugs for 
long rime periods (days to years). Although vesides or drug 
mactomoleculc conjugates may prolong release, oprimal control is 
afforded if the <u>g is placed in a polymeric material or pump. 
Controlled rejeasc systems differ from older "sustained release* or 
■*losv release?- preparations that include complexes (to salts or km- 
exchange resin*), suspensions, emulsions, slowly dissolving coatings 
that do not dissolve in the stomach yet do dissolve in the intestine 
(enteric coatings), and compressed tablets. Generally, sustained- 
release systems emit dregs in less than a day, and environmental 
conditions influence release rates, which leads to patient to patient 
variattom. 

CotttroUcd release systems provide advantages over conventional 
drug therapies. For example, after ingestion or injection of standard 
dosage torim, the blood' level of the drug rises, peaks, and then 
declines. Since each drug has a therapeutic range above which it is 
toxic and below which it is meffective, oscillating drug levels may 
cause alrxmating penodi of ineffectiveness and toxicity Although 
sustained release preparations attenuate the peaks and volleys, they 
do not eliminate them. In contrast, a controlled release preparation 
mausain* the drug in the desired therapeutic range by a single 
admmtsrrsboo. Other potential advantages of controlled release 
systems include (i) localized delivery of the drug to a particular body 
compartment, thereby lowering the systemic drug level; (it) prcscr- 
vaiion of medications that are rapidly destroyed by tfx body (this is 
particularly important for biologically sensitive molecuies such as 
proteins) \ (iii) reduced need for follow-up care; (iv) increased 
comfort; and (v) improved coraptiancc. 

Pumps are larger and more costly than polymeric systems and 
require surgery for implantation; however, they offer the advantage 
of very precise drug control and can release the drug directly into the 
bloodstream. In addition, some pumps arc ntfillabJc. Both externally 
worn and implantable pumps have been developed. In both cases, 
the driving force is a pressure difference, which results in bulk flow 
of a drug solution through an orifice. 

A common externally worn pressure-driven pump is the miniature 
syringe pump, in which the drug is delivered at a constant rate by a 
syringe barrel that moves at a constant velocity; the delivery rate is 
adjusted by altering cither the drug concentration in the syringe or 
the barrel velocity. An implantable pressure-driven pump has been 
developed that uses a nuorocarbon propel lint as a driving force. Tn 
this case, the pump controls a collapsible bellows, which divides the 
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pump wmiof inrn two rhaittof*,'o*tf containing the pmpellam and 
the other retaining the dng Mihitwn. Ar body icmprrnmre. the 
vapor pressure curled hv ">e propcilam forces the drug solution 
through n fflrtr und Ho* rcgiiUtor at a enrutanr rare. Other 
prosurr-driven pump* \tsv ptfnxletTPc disk bemler.i or **ahcs. 
Release ram cm be i-tieroilrv regulated by the nsr of appniache* 
»uch u telemetry. Piimtn hnvr been used in cwkxi therapy where 9 
cjrhcfcr extending fr*?nt .1 pump «t jclcctivclv inserted inro a Mood 
vwcl feeding <in nrgnn swh as the IKer or brain "0 increa.se the 
dHivery ran* ro the diseased ore an while sparing thr rest of tlic bodv. 
Pumps ha\-»; olso been i «wd to ffcajc in**diri. Heparin, moroninc, 
and other drugs (Ml. 

polymeria rn.irtr'ntn gc nr riHv release drugs by the following 
mr\-hi»nUfny (h diffv<ioo. ii> ':hemk-ftJ retKtiijfi , nr (iii) solvent 
aflwirinn. There »nr mi) TYpc* of diffusion* com rolled tywcmv 
nevrvoirs M : ig. 1 A) md mnrics* [Fig. LB). Chemical ctmtro 1 *i 
accompli 5 IttsJ * ttlut by o»h mer degradation I Fig. J (') nr chemical 
cleavage of the drug from polymer (Fig. UK Solvent icttvarion 
involve* cirher twdlint: of die ptdvmer iFig. ) K) t»r osmotic cftrcts 
(Fig. 1 . F ind tVi. 

One of thr first rliitiralh* lived lonrnrifod release polymer system* 
u*a* rhe OaiKrt. \ raw voir "vjtrem designed rn improve dicrapv foe 
ghtKoma. c«nc of th»- wtrM's lending cauiei v*' blindncsi. I"hc 



Rg. t. pnh-iK-i trkw mcrli wuim 
Thr miwi ntnori rrtrnt mrthwwm 
is diffuitrtn. 'vhfn*lM it* drug 'ingraft* 
from iis v»it».>l pi Kit tor. r* die i« 
k svstcm to Mk pt4\ ■mir ,, :«Htir nurfarr 
jiX* then tn thr Nilv ISftWim may 
occur thpMte.li 1 iwnni- ,Ai. mi ** h»f h 
» t*mp mrc p unrrounOm 1 hv j pHx-mrr 
film, or in .t iitttrr* tJO\. *»-H(tc 'h* drop 
vi tmifernilv dttiriNiKH -hn**igh rht* 
fi>h-m«ic f)"ttrvi. Ontp can Hy* hr 
nHeajicd hv rhrmirst iKv'taimtnj xiirh 
degr«fc»iu>ii pf tltr tw*K rnc* *C) «n 
Clcavagv nt" :hr ilnig fmrn a i^)tvmcr 
batkhfK Oj F.xptVuri- to 1 .«nlvem 
can alio acri nur dmp rHrav r»- 
unplc. tbt- ilmy -nay 1^ lodfd int" 
plxc h»* prifynKT i-hain*. am*, itr^jt 
ocpt»*urr environ mv'^iit H».tiH, ch« 
o»«f» pohinri rrcKHjTi N'^tn *»i jwftj, 
jHowinij the rtntu tn «m»x -nwatH 
^S), i»t wiff'r m?v pr^nfutt- r rfni)^- 
poMwr jv*i<-m w .1 »c?:iK H 'Wmotte 
prc«urc. rnnsing cvtrr^ to fi*tri and 
hrin^'rng .tKnit »lruj; n-tcaic 'Fl. rtn 
arh-9i*ti*r ttvitnm* <ytnr»p »har :m am- 
v«t»; <ot)j?»tir ivlt-ajp -i[<*« r»ji*i :n the 
$>m% uf a pill rtim har. ? 'w drilM 
KO.- 'j>rlic <-nrfar*" p"l»-nii:r :iMting 
•0:. 'inw iMitrmc M"fi:im v?n h: 
CMtim.ilK .viivitcit i<t -vK-jt 'Tvorr 
ilri'i' v\ hen :nv<Vti. tKit.p *imv< Mtth .« 
■uriTfiiMi* M: J-i -nr. a* ' sTrnnl 
•n.\rcrt).' ,.f.m-* i^tfvniri .tt-hed- 

Mrt-.i.'jimir )i >-c', f'vi'ii'v, \\my> 
■ mi «l .1 m.-.Ti-\ tn ijt c.t«;fc, *cpi'<v 
svi:* »inic. n*t i» « T V '!k h™^' -1o*^ 
.-.ii-^vt'ii: -.nyitt-lt l»-.-.t» I lisMns 
itt'nts dI rli.* .I*!^;* nv.'h.i^itmr pr*i 

in*'*.'.*'- K-t' -ni-**!*,',) *n rhi-'pi»itrr'of 

t'h- {vilvnyTn.- -i.-ii-' fli <\'nr *i*m'.*lr. 
<!ili;i%itr> •!■•;-•*:»«?; i!» * l.iVli'-. 

it) ili-: ivnn>'-:n*-r>. 
w*trni lit: tMI'M* 1 t'*i -fritr** . i 
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conventional treatment invoh'eil the ii« of pik<arpinc r>c drops 
(which reduer intraocylar prejsnrc) foiir Kimtf* '^y:/pM*wii'^P^t _ 
often catMcd side effects, Jnd patient aihiplianct ''ynt "iometimea 
finor. The Ocuscrt rfehSerj pikxarinnc' (20 or 40 ^fj/boitt) o>otinu- 
.nu.tfv for 1 week and conrwJj intraocular pressure «'ith less drug and 
fewer tide effect*. It is placed in the lemer eyelid^ c^juncm al cul- 
de sa«, where it Boats in rhe tear film. I>cspnc it5 «h-antagc> t the 
fXiiism new achieved uidespread use, initially because of in 
ex[<nse and poor acceptance by older partem* who n-erc rrluctanr to 
ldjiui to this sjitem and later beemisr of rhe imtodurrion of timolol, 
a drug that requires onrv rw<i ttpplicai torn per Uav. ■ ■ 

Thr uie of polymers to deliver contraceptive $tcmkfc has been 
vidch- smdied. Htmr type* of fy-strnw have been examined: (i) 
suhdermal reservoir tmplanf* compoMsil of mmdcgradable polymen 
that releaMS drug fin over 5 virars (for example, thr Norplant); these 
S^tems, based on a vcminal swdy of dimiskm through silicone 
nthber U7). nr< sppn>vrd vat in 15 eounrrieji; (ii) lubdermal 
imrlants or injertabh; inje^j?phrr<* composed of dcgradiblc matcri' 
als, .Hi»ch as lavtie *:id-gh-v(»li4: -it-id ci>polvmcrs. pohxaprobctones, 
or cholestert^; (Hi) steroid- rrftnting inrrautcrtnc clevices, such as the 
Propc.ua wrt, *n cthylrnr-vinvl acctare copoUTner rraenoir diat 
contams a 3-dav supply (38 rng) nf rtic amount of progesterone 
normalh' wkcti orally, but which. «n« it dclivcw pn ^gexteroiK to its 




:!\M,illii<ily ur wire »!"\utnrf Kw 
v t'^itiiKn-t v:h:,'\v c * J !i:w:* <|ijt c^h ;an i.-:t)m^l»sh v'ifr:Tn:i :jpi!n 



-ar*^. "livrri*: ,twtt «<r;'np jt incv(Ktmvc to mami-unac. (Ihrmicalrv 
■ n;:iTnik(l steins pr::crjlK* ii^ulr v: cli:miBtit.»i: «( th: jwihrner. whiavas 
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target locaBy at a rate of ipprptimardy 65 u£/diy, too for om 1 
.year; and {iy) vaginal ringi, which are silicone reservoir systems used 
for 3 to ©months; gerteralty, for kadi monthly cycle they are insetted 
for 3 weeks and men arc withdrawn few 1 week (19). 

Tcrracyvfinc, mcorpdratcd into difissjciiwntrofled systems con> 
posed of ethykne-vinyJ acetate copolymer or other substances, has 
been used to treat periodontal disease. When thii controlled release 
system was placed in the periodontal pocket, significant reductions 
in bacterial counts and in the irtddencc of gingrvicis wot observed 
Furthermore, because the systems are placed next to Their target; . 
treatment b accomplished with less than one- thousandth of the 
norma) systemic dose (19). 

A member of other controlled release systems arc under study. 
These include local hied release of diphosphonates (cakium chela- 
tors) to prevept heart valve calcification, dopamine or bromocrip- 
tine for potential creatmem of Parkinson's disease, and bcthartecoJ 
for potential treatment of Alzheimer's disease (20). 



Controlled Release Systems for 
Peptides and Proteins 

For many years, controUed- release systems were capable of slowly 
releasing drugs of only low molecular weight (<600). Large 
molecules such as proteins were not considered feasible candidates, 
because polypeptides were considered too targe to slowly diffuse 
throukh most polymeric material^ even after swelling of the poly- 
mer-large molecules could diffuse through highly porous mem- 
branes such as Millipore filers or certain gets' sock as poh^crylaVtv 
idc; however, in these cases, diffusion was generally too rapid to be ^ 
of value and tissue damage was usually observed The discovery that * 
owrices of solid hydrophobic polymers contairong powdered mac* 
romolccuks enabled molecules of nearly any sit* to be released fyr 
over ) 00 days permitted controlled delivery of a variety of proteins, 
polysaccharides, and polynucleotides {21). Examples of ppryrncrs 
that perform in this' way arc nondcgratlable' ethylcne-vmyl acetate 
ccipolymcr and degradable lactic arid^gtycohc acid copolymers. 
Certain hydrogds such as ric^(hydroxyerriylmetr»acTylate) or poly 
(vinylakobol) also work effectively bur release proteins for shorter 
time periods than the above polymer systems. 

The release mechanism generally involves movement of the 
polypeptide through a complex porous path in the polymer matrix. 
If the polymer erodes, this wiD affect die pore structure and 
accelerate the release. Factors influencing release rates include 
protein particle size and loading, rjrotcin solubility and molecular 
weight, polymer composition and molecular weight, and the dimen- 
sions and shape of the matrix (22). Polymer systems are now being 
used in animal studies to release many protein*, including insulin, 
growth factors, and angtogencsu inhibitors (2J). The first Food and 
Drug Administration (FDA)-appToved system for controlled re- 
lease of a peptide, the tupron Depot (injectable microspheres 
composed of lactic acid-gh/colic acid copolymer and leuprolide 
acetate, and lasting 30 days) was recently introduced for the 
treatment of prostate cancer. Other porj-merk systems for releasing 
simitar drugs (24) are also under evaluation for treating endomerri 
osij and other conditions. 

A number of challenges in protein delivery remain. Foremost 
among these is that, when ertcipsuhtcd proteins remain in the body 
for a long time, they may denature or aggregate as a result of 
exposure to moisture at 37*G This can cause a loss of biological 
activity and possible changes in immunogenic try. Stabilization 
approaches being developed in protein chemistry (25) will be 
important for the success of some of these delivery systems. In one 
study that used solid proteins as a model, small amounts of added 



water induced aggregation of albumin, ovalbumin, glucose oxidase,, 
and p-lactogtobulio. lite aggregation as a function of added water 
went dtrough a maJorrmm with just 3 pi of water, causing 97% 
aggregation of 10 mg of albumin in 24 hours. At lower and higher 
water crirxentrations, aggregation was reduced. The aggregation 
rrtethartism war discovered to be imrxrr^ecular S-S bond forma- 
tion through dijol- disulfide interchange. This, in turn, suggested 
rational strategies for protein Mabili ration, including rrodifyirig 
su%&yVirafaq, ryophiliiiog from acidic sohrtiom, controlling 
moisture content* using appropriat* additrves, and developing spe- 
cific porymcr matrix compositions (26). In a study of rrbonudcase, 
oxygen was responsible for protein aggregation (27). 



Transdermal ControUed Release Systems 

The skin is often considered a barrier that keeps all agents, 
including; drugs, out of the body. However, a few drugs have just 
me right properties to penetr ate the skin a appreciable rates and are 
potent cftough so that only tow doses are required. Furthermore, 
compared to the oral route, fosses due to liver metabolism are 
retraced The ratc-hrnrting barrier to drug entry through trie skin is 
the outermost akin layer, the stratum corneum, which is composed 
primarily of keratin and lipids. For a drug to penetrate the skin 
significantly, it should- have a low molecular weight and appreciable 
solubility in both water and oil. 

the first transdermal delivery system moroduced clinically released 
Kopolamine from patches (reservoir systems) to prevent nausea 
associated with motion sickness. After the patch has been applied, a 
4* b> 6-hour lag period is rccniircd for the drug to reach therapeutic 
concentration*. Because of the small amount of drug recjuired (7 
j»g/honroVcr 3 day*) and the high skin permeability of scopolamine, 
this rystcrp can be designed so that die device rather than the skin is 
rite- controlling This minimizes patient to patient variations. The 
device is 'placed behind the car because the riermeabiljty of the 
stratum corrttum there ia comparatively high, which further enables 
the device, rather than the skin, to provide the principal diffusion 
barrier. 

The most widely used transdermal systems release rutrogrycerin 
daily for the treatment of heart disease. These systems, first intro- 
duced in 1982, have annual sales of approximately $500 million. 
The amount of nfaogrycerin absorbed Is determined by the skin 
rather than the device; nitroglycerin patches of different sites arc 
available so that patients can select the desired dosages. However, 
the eonrihuous delivery of nitroglycerin may create chug tolerance. 
The possibility of controlled intermittent delivery of dtrogtyecrin is 
bctog explored. , 

A weekly cfooidine patch and a twice weekly estradiol patch are 
used to treat hypertension and estradiol deficiency (tor postmeno- 
pausal females), respectively. There have been reports of local 
irritation with these systems, perhaps because of their longer 
application periods or because of the combined effects of btoadhc- 
sives, chemicals, and drugs used in the formulations. Transdermal 
systems for the delivery of tnrostcronc, fentanyl, isosorbide duu- 
tratc, nicotine, timolol, and antihistamines, although not yet clini- 
cally available, are under study. 

The biggest challenge in transdermal delivery is to increase the 
variety of drugs that can be administered. Four approaches have 
been explored. Electrical means such as iontophoresis, which can 
drive charged molecules through the skin, have received consider- 
able attention. It has been proposed that iontophoresis might allow 
the transdermal deliver)' of larger molecular weight drugs, such as 
insulin. Animal studies with insulin have not led to conclusive 
results; insulin permeation depends on the animal model, the type of 
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current, and whether the stratum cornewn has been removed (79). 
Nonetheless, cttnkal studies hive shown that smaller peptides mch 
a< hiteinizjng hormonc-rejewing hormone (LHRH) can be deliv- 
ered at increased rates (29). A second approach uses ultrasound to 
enhance transdermal drug pcrmcatioo Ultrasound also eliminate* 
the lag times associated with transdermal drug delivery in animal 
rriodeb (30). Chemical modification provides a third approach: a 
lipophilic drug could be synthesized that puie maea the dun and is 
subsequently converted by epidermal enzymes into the original 
drug. Finally, rxnetrarion enhancers such as Azone, dimethyl sulfox- 
ide, and dimethyl forrmmldx have been used. However, extensive 
testing must be done to establish safety. It may be more useful to 
urifoe agents used in FDA-approved topical fcmrnilatsons (for 
cxampk, ethanoi is used in the estradiol system to enhance penetra- 
tion). 



Novel Degradablc Polymers 

Most materials used in medicine today -were not designed for 
biomedical applications. For example, the polymers used in the 
artificial heart and dialysis tubing were originally used in ladies-* 
. girdles and sausage casings, ropectiveiy. These materials wtfe 
chosen because they appeared, to some extern, to' resemble ^e 
organs they were intended to replace. A Significant challenge u to 
develop more rational approaches for creating improved materials 
for humans. This may be particularly important in the development 
of degradablc polymers. 

For such polymers, to maximize control over release, it is often 
desirable for a system to degrade only from its surface (Fig. 2A). 
[The only degradabk polymers, in common use, poryester* such as 
ficifc acid-glycolic acid copolymers, display buDc (rKjrnogeneous) 
erosion (Fig. 2B) ( resulting in Significant degradation in the matris; 
interior,] For surracc*erbding systems, the drug release rare is 
ptopoftiohaJ to die polymer erosion race. This eliminate* the 
pouibiUry of dose dumping, Improving device safety; release rates 
can.be' controlled by changes in system thickness and total drug 
content, facilitating- device design. Achieving surface erosion re- 
quires that the degradation rate on the polymer matrix surface be 
much faster than the rate of water penetration into the matrix bulk. 
Efforts have begun to design such ideal polymers. ThcorctkaBy, the 
polymer should be rrycUophobk but should have water-labile link 
ages connecting monomers. 

It was proposed that, because of the lability of anhydride linkages, 
coly anhydrides would be a premising class of polymers. By varying 
the monomer ratios in potyanhydride corxriyrricrs, surface-eroding 
polymers lasting from 1 week to several years were designed and 
synthesized (31). 

The possibility of implanting potyanhydride disks containing 
nitrosoureas for treating brain cancer after surgery is being explored. 
Normally, nitrosoureas are given intravenously (they have a half-life 
of 12 to 15 min and cause serious toxicity to several organs). By 
placing nitrosoureas in poh anhydrides, the drug is protected and its 
efficacy lasts ,ippro>im.itely for the duration of the polymer lifetime 
(in this case, nearly 1 month). The polymer disks also deliver the 
drug locally to the brain, significantly reducing si-stemic toxicity. 
Surface erosion is desirable, for, if bulk erosion were to occur, 
uncontrolled amounts of this potentially toxic drug could be 
released during breakup of the matrix- These polymers have been 
shou-it to be safe in numerous animal models (32). Insrimrional 
Review Board approval was then obtained to conduct clinical trials 
with poh-anh>-dride3 at five U.S. hospitals. In 1987, the FDA 
approved these pntyanhydrides For clinical trials.. In an initial study 
of 21 pnrients, safety was demonstrated and patient lifetime was 



Flf. 2. Idealized dhgram of polymer 
matrices displaying surface erosion 
(A) or bulk erosion (B). 
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extended significandy beyond mat afforded by conventional treat- 
ment* {33). A phase- 3 trial involving 32 hospitals is currently under 
way; over 100 patients have been treated. 

Several different surface-eroding rx>ryrjrthoestcr systems have 
been synthestecd. In this case, addtrjves arc placed inside the 
porymcr matrix, which causes the surface to degrade at a different 
rate than the rest of the matrix* Such a degradation pattern can occur 
because thest poryrriers erode at very different rates, depending on 
pH, and the additives maintain the matrix bulk at a pH different 
from that of the surface. By varying the type and amount of additive, 
release rates can be controlled {34). 

It may be desirable to have degradablc porrmers that consist of, 
and break down into, naturally occurring metabolites. Thus, new 
pory amino acids were synthesized in which L-amino acids or 
dipeptides were porymeri zed by nonamidc bonds between function- 
al groups (for example, esters) located on amino acid side chains. 
This ipproach permits the synthesis of biornaterials (for drug 
delivery systems, arrmcial organs, vascular grafts, or other prosthe- 
ses) that arc derived from nontoxic substances, which also have 
other desirable properties: (i) the incorporation of an anhydride 
linkage into the polymer backbone causes rapid dcgradability; (ii) an 
ester bond provides better film and fiber fomuoon, and (iii) an 
tmide or irrunocarbonatc bond improves mechanical strength (33). 

One such potyrner is being studied in vaccine delivery. Many 
adjuvants such as aluminum oxide or FreuncTs adjuvant rely on a 
simple "depot" effect, releasing antigen over a short period, from 
several hours to a few weeks. In earlier studies in mice and rabbits, 
prolonged release of small amounts of ajnriften from a nrmdcgradablc 
device resulted in sustained antibody prochiction for over 6 months 
Although these studies demonstrated the potential value of 
controlled release in immunixation, it would be advantageous to use 
degradabk systems to avoid implant retrieval. This concept is 
particularly attractive, because the polymer degradation products 
could be intentionally designed to have adjuvant properties, that is, 
an '^ngincerecr polymer This would permit the design of a system 
that could stimulate the immune response while simultaneously 
releasing antigen over long periods. Because of the adjuvanricity of 
L-ryrosine and its derivatives, a polymer consisting of tyrosine or a 
tyrosine derivative connected by hydrolyzable inunocarbonatjc 
bonds was synthesized. When this polymer was converted into small 
pellets, this system provided sustained adjuvanricity while simulta- 
neously sening as an antigen repository. The rekase of anrigen from 
a single tyrosine- based odyiminocarbonate pellet gave rise, in mice, 
to higher antibody titers than release of the same antigen dose from 
a control poh'iminocarbonatc pellet or from two injections of the 
antigen over 1 year {37). 
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Pukttfe Polymeric Cootroflcd Rdcasc System 

It would be desirable if polymeric systems could be dengned cq 
release increased levels of drug when needed; this would mimk chc 
bbdy*« pnysiologjeal processes. Both open-loop arid doscd*toop 
approaches' if e being studied. One open-loop system contains drag 
and small magnetic beads embedded in a poTyrncr matrix (Fig. IK). 
Release ma arc enhanced when desired by an oscillating external 
magnetic field. Parameters that effect the release rate 1 include the 
magnetic field frequency and strength; the polymer tdmposhibn, 
and the strength and orientation of the pofymcr-cm bedded magneta. 
Application of the magnetic field causes up to 30>fold uy*e***s- by 
release rate* (3$). Ukrasound can afio be used to enhance drug 
release rates from polymers (J5>)v Successful clinical implementation 
of the ultrasonic or magnetic systems ' wilt probably require the 
creation of sfliaO portable triggering devices (wrisrwafcJi soe) that 
can be prcprograin/hcd or activated martuafly when cksired. 

Several closcb>loop poh/meric systems are bein$ developed In 
one case intended for the increased refcase of insulin in the presence 
of excess glucose, gftucosc oxidase was immobilized widths ah 
irisulin-conuirting poly amine membrane. Glucose oxidase converts 
glucose to gluconic add; the acid protohaies amine groups within 
the membrane. The electrostatic repuhion of die positively charged 
amine groups causes expansion of the membrane and increased 
delivery of insulin. As the' physiologic glucose concentration de- 
creases in response to the released insulin, the membrane contracts, 
iecrcasmg (he rate of insulin release (4Q). In another approach, 
jlucose oxidase, was immobtUzecl to agarose beads contained whhift 
i polymer matrix. The acid formed when external glucose reacts 
*rth the immobilized enzyme lowers the pH, which changes the 
nhibjlity of insulm and the difibsiooai driving force. Increased 
efcuc rates to glucose challenges were observed rh vitro- and in> 
*iabcric 'rats : {4i). A third approach involves the synthesis of 
jrycosyUred insulin bound to concanavaiin A (Con A). Con A » 
mrnobiutod on Sepharosc beach. The glycosylated insulin is dis- 
>(accd from Con A in response to glucose, which competes foe the 
wne binding sites. The rate of insulsi release also depends on the 
finding affinity of the insulin derivative to Con A and can be 
nfhsenced by the choke of saccharide group in glycosylated msufia' 
iy encapsulating glycosylated msulm-Bound Con A within a *int- 
iblc polymer tKatis permeable to both glucose and insulin, k is 
wssiblc to control glucose influx and insulin efflux (42). Critical 
»ucs with respect to cacti of these delivery systems arc the stability * 
if insulin and enzymes and the rapidity of inorancnt (response 
imc) of insulin from the polymer matrix to the circulation. Such 
ystems may a bo benefit from ongoing research in biosensors (43). 

Research is being conducted on self- triggered release of drugs 
tich as narcotic antagonists in muhxomponcnt systems involving 
rodible polymers, antibodies, and enzymes (44). Pu batik systems 
nvohing pH- sensitive or temperarurc-scmitrvc polymers are also 
<ing studied » as are polymer systems that can be activated by light 
c deoricity (4f). 



Conclusions and Future Directions 

The studies discussed here show that carriers can affect drug level, 
xation. longevity, and antigenicity. Although this technology is at 
n early stage, it has already made a significant clinical and cornmcr- 
ial impact. Thi* technology is not limited to medicine. Controlled 
tlcasc has been used for pet flea collars, ovicides, and- fouling 
genrs, fertilizers, and fragrances. Liposomes arc used in cosmetics. 

There are numerous challenges ahead. One area is the creation of 
ioadhesiw polvmcrs that could alter a drug** location when given 
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orally (46). This rould be panicularry importam for drugs that are 
absorbed only U» certain segments of the gvtjvmtestinal tract. Even 
more tantaflong, but tttott cUfRcuit, is delivering large and complex 
molecules such as proteins orally. Research on novel anatomical 
delivery pathways such *» the nose or lung may also pctmii the 
delivery of a wider spectrum of drugs. Furthermore, an understand- 
ing of cell transport mechanisms may aid in cellular targeting {47), 
Although mis article has focused principally on specisk carriers 
for prUrmaceuricftls, ongoing research in cell transplantation could 
be used to provide desired agents (48). The possibility of inserting 
genci into cells co produce desired entibes is being explored (49). 

Furthermore, continuous advances in bicxechnology will have at 
least seyeraT major effects on drug delivery. First, novel complex 
drugs will be created that will be difficult to administer by conven- 
tional means. Second, approaches being developed in generic engi- 
neering fnay en able the creation of new molecular constxucis (for 
example; deletion mutants, hybrid proteins, and ligatcd gene fusion 
hybrids) with increased ability to achieve site- specific delivery. 
Finally, advances in materials science and chemical engineering 
should permit improved polymers, lipids, antibodies, and other 
substances to to synthesized, better understood, manufac 



effeoivdy used in drug delivery. 
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Molecular Targets for AIDS Therapy 



HtRoAio Mttsuya. Robert Yarchoan, Samuki. Broder 



The dcvc^>nmci»» of an ri retroviral thcrap) against ac- 
quired iinruiirMKlrfii'tcno" >vMtt runic (AU>S) ha* hrcn 
interne rcsc.it'ch rtVoft «jiiv<* tin* tliscnven* fit the irausativr 
agent* human immimo-VfirieiKy virus- (1 1 1\0- A forge 
arrvy of itru^s -Mid ttiol<»v.<c iiibsMtwei i.m inliihit HIV 
replicfltKMi in v»r.n» >'u» -le<»siilr inalons- -purtioihr'y 
those Ixliiti^inis ».tt th<; ilidifoxymirlcoMclr liimilv — c^n 
inhibir rcvi'r.vi' r»-:iu<i;rip*.i^c \i\vr imnltr>lic phosphon")- 
ation. 3"- V.jdn-.! ,^ -diiloiTxytlivmidint: tA/-T) was the 



tirsr snch drag tested in individuals with AIDS, and 
considerable knowledge of Mmcmrc- activity relation* has 
rnirrged fitr tbi:. ehxs of drugs. However, virtually every 
step ii> the replication of HIV could serve as a target for a 
nnv therapeutic tmcrvenrion. In the future, rton-nudco- 
Ktde»rvpc tlmps will likely become more importiuit in the 
expert me ma I therapy oi AlHS. ami antirctrovirp.i therapy 
" ill vvert niajor c|l"ec« iigaiti^r the morbidity and morraJ- 
ity i;au.ii:d by HIV. 
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Abstract 



Three in-vitro assays have been adopted 
to examine the cytotoxicity and anti-bacterial activity of 
the blood-red sap of Croton lechleri from Ecuador, and 
to examine its effect upon the proliferation of endothelial 
cells. The sap was found not to be cytotoxic. Several 
simple phenolic compounds and diterpenes showed a 
potent anti-bacterial activity. The sap has little effect 
upon the proliferation of endothelial cells, and no single 
active ingredient was identified. A mechanism for the 
- wound-healing property of the sap has been proposed. 
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Introduction 



Dragon's blood, also known as Sangre de 
Draco or Sangre de Grado, is the dark-red viscous sap 
produced by several Croton species, such as C. lechleri and 
Cdraconoides. These plants are mainly distributed in 
South American countries, including Peru and Ecuador. 
The sap has long been used in those countries as a folk re- 
medy, and claimed to be effective for the treatment of a vari- 
ety of illnesses and diseases, amongst which are wounds, 
cancer, inflammation, and infection (1-3). It is available 
commercially and may be taken orally or applied exter- 
nally. Because of its popular use. the existence of these 
trees is threatened since the trees are normally felled in 
order to collect the sap . 

Despite its popular applications, however, 
until very recently, there was little knowledge of the 
chemical composition of the sap. and its biological prop- 
erties were scarcely known. The anti-inflammatory activity 
(4) and wound healing properties (5) of the sap have been 
attributed to the phenanthrene alkaloid, taspine (1). This 
latter finding has been disputed and the lignan. 3\4-0- 
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dimethylcedrusin (2) has been proposed as the active 
principle (6). It has been demonstrated that taspine has 
potent activity against KB cells and V-79 cells and may be 
responsible for the anti-cancer activity of the sap (7). 

The sap of Croton lechleri has been sub- 
jected to a detailed chemical and biological study in our 
laboratory. It has been shown that the sap was an aqueous 
solution containing a large number of secondary meta- 
bolites, and that proanthocyanidinfe) of varying molecular 
sizes were its major constituents (> 90% of dry weight) (8). 
Amongst those minor constituents, six simple phenols and 
their derivatives, three steroids and one alkaloid were 
identified (9). The examination of the constituents of the 
bark led to the characterisation of six diterpenoids, four of 
which were novel diterpenoids. and these diterpenoids 
were also found in the sap in a very small quantity (9,10). 
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The biological activities of the sap have 
been evaluated by a number oiin-vitro and in-vivo assays. 
In relation to its anti-tumour, an ti- infections, and wound- 
healing properties, we have examined cytotoxicity and an- 
ti-bacterial activity of the sap and its effect on the DNA syn- 
thesis of endothelial cells, and the details are reported in 
this communication. 

Materials and Methods 
Samples and extracts 

The sap of C. lechleri L. and other parts of the 
plant were kindly provided by Professor M. H. Zenk (Universitat 
Munchen) and Professor Y. Gleba (Academy of Science, Ukraine), 
who collected them in Ecuador in December, 1989. 

A small portion of the sap (10 ml) was freeze- 
dried as the dried sap sample. The sap (500 ml) was extracted suc- 
cessively with chloroform (5 x 500 ml) and ethyl acetate (3 x 
500 ml), and the chloroform-soluble and ethyl acetate-soluble frac- 
tions were obtained (0.45 g and 18.6g. respectively). A large vol- 
ume of acetone (1000 ml) was then added to the residual aqueous 
solution to give the acetone-soluble fraction (44.1 g). The insoluble 
materials were dissolved in methanol (500 ml), and removal of the 
residue gave the methanol-soluble fraction (12.8 g). 

The bark (530 g) was ground to fine powder and 
extracted with methanol (3 x 1000 ml). After being concentrated 
to a small volume, the extracts were suspended in distilled water 
(100 ml). and extracted with chloroform (3 x 200 ml) to give a 
chloroform-soluble fraction (23 g). 

Isolation and characterisation 

All the fractions were separated by chromato- 
graphic methods (silica gel for the two chloroform fractions and 
Sephadex LH-20 for the other fractions). The details of the 
separation, purification, and characterisation of the constituents 
were described in our earlier communications (8- 10). The pure 
compounds involved in this work were (+)-catechin, (+)-gallo- 
catechin. (-)-epicatechin. (-)-epigallocatechin, procyanidin B-4 
(dimer), proanthocyanidin trimer. proanthocyanidin tetramer. 
proanthocyanidin heptamer, 1,3.5-trimethoxybenzene, 2,4,6- 
trimethoxyphenol, 4-hydroxyphenethyl alcohol 0-sitosterbl, 0- 
sitosterol-/J-D-glucopyranoside. hardwickiic acid (3), bincatriol (4), 
crolechinol (5). crolechinic acid 6). korberin A (7). and korberin B 
(8) (8 -10). 

Evaluation of cytotoxicity 

The cytotoxicity of the samples was evaluated 
using the microdilution method developed by Anderson et aL (11). 
but with slight modification. KB cells derived from human oral 
epidermoid carcinoma were purchased from ICN Flow Labor- 
atories (UK) and routinely maintained at 37°C with 5% C0 2 in 
Eagle's minimum essential medium with Eagle's salts and sodium 
bicarbonate (0.85 g/1) (ICN Flow Laboratories, UK), and supple- 
mented with non-essential amino acids (1 %). foetal bovine serum 
(10%). L-glutamine (2mM), penicillin (50 units/ml), and strepto- 
mycin (50 /ig/ ml). Prior to use, cells were harvested with trypsin/ 
EDTA (6-8 ml/ flask), and diluted with the growth medium to the 
required concentration. 

KB cells (2.5 x 10 4 per well in a 96-welI micro- 
titration plate) were exposed to 7 two-fold serially diluted concen- 
trations of each sample (an extract or a pure compound) at 37 X. 
with 5% C0 2 . The total volume of solution in each well was 100 pi. 
After incubation for 48 hours, the cells in each well were fixed with 
an aqueous trichloroacetic acid solution (10% v/v) at 4°C for 
1 hour, and then rinsed with distilled water 5 times and left to dry. 



The cells were then stained with 1 % aqueous eosin B stain (Sigma) 
for 1 hour, and washed 3 times with diluted acetic acid (1 %, v/v) 
The dye in each well was extracted with an aqueous NaOH solution 
(5mM, 200 pi) for 30 minutes and the optical density (O.D.) at 
490 nm of the solution in each well was measured on a MR700 mi- 
croplate reader (Dynatech Labs. Inc., UK). Triplicate deter- 
minations of cytotoxicity for each sample were carried out on three 
separate occasions. Two controls were simultaneously set up to 
monitor the accuracy of the assay throughout the experiment: one 
blank as a negative and emetine chloride as a positive control. The 
IC50 value for emetine chloride was 0.2 ± 0.03pg/ml (mean ± SD 
n = 26). All the samples examined were dissolved in ethanol and 
diluted with the cell culture medium with the final concentration of 
ethanol being less than 0. 1 %. 

Bioautographic TLC assay of antibacterial 
activity 

A direct bioautographic TLC assay developed by 
Hamburger and Cordell (12) was used in this study with slight 
modifications. Bacillus subdlis (strain JTS 1 3 , from Professor J. T. 
Smith's collection held at The School of Pharmacy) and Escher- 
ichia coli (strain KL 16) were grown on nutrient agar plates at 
37 °C. The agar plates were prepared from the medium containing 
Lab M agar (1.5% w/v) and nutrient broth No 2 (Oxoid, 2.5 % w/v). 
A single isolated colony from a fresh nutrient agar plate was 
aseptically transferred to the nutrient broth and incubated at 37 °C 
for 18 hours. A suspension of 6 x 10 8 bacteria/ml was then pre- 
pared for the assay. The samples were dissolved in appropriate 
solvents and spotted with varying concentrations on TLC plates 
(silica gel G60 F254 Al, 20 x 20 cm). As the TLC plates were com- 
"ptetelydried, the bacterial suspension was evenly spread using a 
soft brush over the plates, which were incubated in humidified 
plastic boxes at 37 X. for 24 hours. The plates were then sprayed 
with an aqueous solution of p-iodonitrotetrazolium (4 mg/ml f 6 ml 
per plate) and incubated again at 37 °C for 4 hours. The plates 
were then treated with a 70% aqueous ethanol solution. Meta- 
bolically active bacteria convert p-iodonitrotetrazolium to in- 
tensely coloured formazan. Thus zones of inhibition of bacterial 
growth appear as clear spots against a coloured background. Both 
penicillin V and chloramphenicol were used as positive controls. 

Effect on DNA synthesis of endothelial cells 

Bovine endothelial cells (BAE-1) were obtained 
from European Collection of Animal Cell Culture (UK) and main- 
tained at 37 °C with 5 % C0 2 in Dulbecco's modified Eagle's medi- 
um/nutrient mix F12 (Gibco. UK) containing fetal calf serum 
(10%) and penicillin/streptomycin. The endothelial cells were 
seeded in 24 -well plates at the density of 6 x 10 4 cells per well and 
incubated for 48 hours. The cell culture medium was then changed 
and the content of serum in the medium was reduced to 2.5%. 
After incubation for another 24 hours, 3 //-thymidine (1 /iCi/ml), 
together with a solution of the sample, was added to the cell, and 
the plates were further incubated for 8 hours. The cells were 
rinsed with Hank's balanced salt solution (HBSS) and fixed in ice- 
cold 10% trichloroacetic acid for 20 min. The DNA of the cells was 
extracted using 2 N perchloric acid at 60 °C for 30 min, and the so- 
lution was collected and counted on a Beckman LS6000TA scin- 
tillator. 

Results and Discussion 
In-vitro cytotoxicity 

The sap, its various extracts, and Individual 
compounds were evaluated by the KB cell assay, and their 
cytotoxity is presented in Table 1. 

The IC 50 value for the original sap was 
greater than 900/ig/mI, and when it was dried, the IC S0 
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Table 1 Cytotoxicity of the sap evaluated by in vitro KB cell assay. 



Sample 



ICso(/ig/mf) 



Emetine chloride (control) 
Sap 

Dried sap 

CHCI3 extract 
EtOAc extract 
Acetone extract 
MeOH extract 

MeOH extract (bark) 
MeOH extract (heartwood) 
MeOH extract (leaf) 

(+)-Catechin 
(+)-Gailocatechin 
(-)-Epicatechin 
{-)-Epiga!locatechin 
Procyanidin B-4 (dimer) 
Proanthocyanidin trimer 
Proanthocyanidin tetramer 
Proanthocyanidin heptamer 

1^,5-Trimethoxybenzene 
2A6-Trimethoxyphenol 
4-Hydroxyphenetheyt alcohol 
^Sitosterol 

^-Sitosterol-^o-glucopyranoside 
Hardwickiic acid (3) 
Bincatriol(4) 
Crolechinicacid (6) 
KorberinA(7) 
Korberin B (8) 



0.2 ± 0.03 (n- 26) 

>900 
187 

186 
70 
125 
185 

50 
25 
90 

>235 

>450 

>250 

>35 

>250 

> 175 

>50 

>50 

7.13 ± 1.70 

>25 

>50 

20.40 ± 4.82 
>50 

21.90 ±3.50 

35 

25 

25 

25 



was greatly reduced (187 >jg/rxil). The IC S0 values for vari- 
ous extracts of the sap were similar to that for the dried 
sap, although the EtOAc extract had a slightly smaller val- 
ue. Amongst the methanol extracts of the other parts of the 
plant, the heartwood extract has the smallest IC50 value 
(25 /ig/ml). These results clearly show that neither the sap 
nor the crude extracts are cytotoxic. 

Individual compounds from the sap were 
then examined. Compared to emetine hydrochloride, the 
control (IC50 = 0.2j/g/ml) f none of them was highly active. 
The IC50 values for flavanols and proanthocyanidins. the 
major constituents of the sap, were found to vary con- 
siderably, but all of them were greater than 35j/g/ml 
(Table 1), indicating that they were not cytotoxic. The most 
active component was 1,3,5-trimethoxybenzerie (IC 50 = 
7.13/ig/ml), but the remaining ones obtained from the 
CHCI3 extract were not cytotoxic, their IC S0 values being 
generally greater than 20 \xgf ml. 

In an earlier study (7), taspine (1) has been 
shown to be highly cytotoxic to both KB cells and V-79 
cells, with IC 50 values of 0.39 and 0.17/ig/ml. respectively. 
This compound was derived from the sap of Croton dra- 
conoides (also known as C. palanostigma) of Peru, and was 
one of the major constituents of the sap (yield 1 % of dried 
sap). In another study (1), taspine was obtained from the 
C. draconoides sap of Peru in a much greater yield (> 2 %). 
It then seems likely that the presence of taspine in those 
saps in such a large quantity may give rise to the anti- 
tumour activity. However, as observed in our earlier study, 
the content of taspine varied from one sap to another, and 
it was present only as a very minor constituent in the 



C. lechleri sap of Ecuador (9). These findings suggest that if 
the sap of low taspine content has any an ti- tumour activity" 
this may derive from the mechanisms other than inhibiting 
the growth of the tumour cells, for example, stimulation of 
the immune system. 

Anti-bacterial activity 

In this study, the bioautographic TLC assay 
developed by Hamburger and Cordell (12) was adopted for 
the evaluation of the anti-bacterial activity. This method 
proves to be easy to operate, reproducible, and reliable. 
For each sample, a series of spots with varying concentra- 
tions were made on a silica gel TLC plate. The amount of 
the sample on the spot on which a detectable inhibition to 
the growth of the bacteria was observed is defined as the 
minimum inhibition amount (IA^). This value for a vari- 
ety of samples is listed in Table 2. 

The dried sap was active against both 
bacteria only at higher concentrations (>10pg). The 
MeOH extract showed a similar activity, but the EtOAc and 
acetone extracts were less active. The CHCl 3 extract dis- 
played a considerable inhibition to the growth of B. sub- 
tilis, although it was less active against E. colt 

The polyphenols compounds derived from 
the sap were found not to be highly active, and the mini- 
mum inhibition amount for them was generally greater 
than 25 fig. However, several constituents from the CHCl 3 
extract (9). such as 1,3,5-trimethoxybenzene and 2,4,6- 
trimethoxyphenol, were found to be extremely active 
against B. subtilis. and their IA^ values were 0.0003 /ig. 
30-fold as potent as penicillin and chloramphenicol. They 
were also highly inhibitory to E.colL Amongst the six 
diterpenoids, korberin A (7) and korberin B (8) (both 
having a lactone functionality) showed a great activity 
against B. subtilis (0.04 and 0.05 /ig. respectively). Crol- 
echinic acid (6) was also active against both bacteria. It is 



Table 2 Anti-bacterial activity of the sap (minimum inhibition amount). 


Sample 


Bacillus subtilis 


- Escherichia coli 




(fig/spot) 


1 (/ig/spot) 


Penicillin V 1 


0.008 


1 2.0 


Chloramphenicol 


0.008 


0.008 


Sap (freeze dried) 


10 


10 


CHCI3 Extract 


0.08 


10 


EtOAc Extract 


50 


50 


Acetone Extract 


30 


30 


MeOH Extract 


10 


10 


1 f 3,5-Trimethoxybenzene 


0.0003 


0.04 


2,4,6-Trimethoxyphenol 


0.0003 


1.0 


4-Hydroxyphenethyl alcohol 


>25 


. >25 


0-Sftosterof 


>25 


>25 


Crolechinol (5) 


25 


V 5.0 


Oolechinic acid (6) 


0.2 


1.0 


Korberin A (7) 


0.04 


25 


Korberin B (8) 


0.05 


25 


(+}-Catechin 


25 


25 


(+)-Gal!ocatechin 


5.0 


25 


(-)Epicatechin 


25 


25 


(-)Epigallocatechin 


50 


25 


Procyanidin 8-4 


>25 


>25 


Procyanthocyanidin trimer 


>25 


>25 


Procyanthocyanidin tetramer 


>25 


>25 
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of interest to note that the CHC1 3 extract and those highly 
active constituents displayed a high selectivity towards 
B. subtilis. 

The presence of these active constituents 
helps justify the use of the sap as an anti-infectious agent. 
The major constituents of the sap, proanthocyanidins were 
slightly active towards both bacteria, but they may con- 
tribute to a significant extent to the anti-infectious activity 
of the sap. Their inhibitory activity towards a wide range of 
microorganisms is well-known (13). 

Effect on proliferation of endothelial cells 

The wound-healing process involves sev- 
eral major stages,, including coagulation, inflammation, 
formation of granulation tissue and matrix formation, and 
remodelling (14). Each of them involves very complex bio- 
logical processes. During the formation of new tissue, 
endothelial cells proliferate and form new blood vessels. 

In this study, the wound-healing property 
of the sap was evaluated by examining its effect on the pro- 
liferation of endothelial cells. The in-vitro assay used meas- 
ured the incorporation rate of 3 //-thymidine into the DNA 
of the cells in the presence of the test samples. This rate 
was used as an indicator of the DNA synthesis and pro- 
liferation of the cells, and expressed as a percentage of that 
measured for the blank control. Therefore a rate of greater 
than 100% means a stimulation effect, while a rate of less 
than 100% an inhibitory effect. The results are presented 
in Table 3. 



Table 3 Incorporation rate of 3 H-thymidine into DNA of endothelial cells in 
the presence of the sap. 



Sample 


Concentration 


Incorporation rate 




I fcg/ml) 


{% of the blank control) 


Dried sap 


1 20 


68± 


12 


CHCI3 Extract 


20 


60 + 


2 


EtOAc Extract 


20 


78 ± 


7 


Acetone Extract 


20 


100 ± 


4 


MeOH Extract 


20 


88 + 


5 


1 ,3,5-Trimethoxybenzene 


0.5 


0.1 ± 


3.1 


4-Hydroxyphenethyl alcohol 


10 


98 ± 


7 


0-Sitosterol 


10 


89± 


4 


KorberinA(7) 


10 


51 ± 


3 


(+)-Catechin 


10 


97 ± 


7 


(+)-GalIocatechin 


5 


110 ± 


3 


(-Kpicatechin 


10 


98 ± 


1 


(-}-Epigallocatechin 


5 


105 ± 


6 


Procyanidin B-4 


10 


108 + 


1 


Procyanthocyanidin trimer 


20 


81 ± 


6 



The dried sap was found to be very in- 
hibitory to the 3 //-thymidine incorporation (68 %). The ace- 
tone extract showed no effect, but the other crude extracts 
were slightly inhibitory, in particular the CHC1 3 extract, 
which displayed a considerable inhibition (60%). 

Examination of individual compounds de- 
rived from the CHC1 3 extract (9) showed that 4-hydrjxy- 
phenethyl alcohol had no effect and /3-sitosterol was slightly 
inhibitory; korberin A (7) showed a marked inhibition; and 



1,3.5-trimethoxybenzene was extremely inhibitory. Sev- 
eral polyphenols compounds, such as gallocatechin. epi- 
gallocatechin. and procyanidin B-4 slightly stimulated the 
cell proliferation, whilst the others such as catechin and 
epicatechin showed little effect. Proanthocyanidin trimer 
was slightly inhibitory. 

These observations show that the Ecua- 
dorian sap investigated in the present study is generally an 
inhibitory agent to the proliferation of the endothelial cells. 
In this context, it is of interest to note that although 3\4- 
O-dimethylcedrusin (2) has been reported to be the 
wound-healing active principle of Peruvian sap. it did not 
stimulate proliferation of endothelial cells, and instead it 
did protect the cells against degradation in a starvation 
medium (6). An in-vivo study has shown that the poly- 
phenolic fraction of Peruvian sap is effective in wound 
healing in rats (16). It was observed that, after such 
treatment, the tissue contraction on the wound occurred 
after one day, and the wound site was completely covered 
with a dark crust. Microscopic evaluation made four weeks 
later revealed that the new tissue was well formed such 
that there was no difference between it and the un- 
damaged tissue. But this healing effect was not observed 
with the rats treated with taspine or 3',4-dimethyl- 
cedrusin. This finding confirms the significant role of poly- 
phenolic compounds in the wound healing process. 

The distinctive feature of polyphenols 
compounds is to bind to a variety of biomacromolecules, 
such as proteins and enzymes, leading to precipitation 
(16). It is generally accepted that the anti-microbial and an- 
ti-viral activities of polyphenols result from this binding 
which may inactivate various enzymes involved (17). 

In order to explain the wound-healing ac- 
tivity of the sap it is observed that it forms an occlusive film. 
Within this protective layer the polyphenols prohibit ex- 
ternal microbes from attacking the wound. The anti- 
bacterial constituents of the sap may make additional con- 
tribution as do the anti-inflammatory and the free radical 
scavenging activity due to proanthocyanidins (18). 

The sap used in the present investigation 
was obtained from Ecuador and it contained only traces of 
taspine whilst previous investigations of Peruvian sap have 
reported the taspine content of > 1 % (7, 13). In view of the 
cytotoxic activity of taspine. saps with high taspine content 
should not be recommended for the treatment of wounds 
or for internal use. The variations in chemical composition 
between Dragon's blood of different origins is considerable 
and for medicinal use quality assurance procedures need 
to be set up in the countries where these saps are used. 
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Efficacy of Crofelemer (SP-303) in Patients with Diarrhea 

Based on its mechanism of action, i.e., blocking chloride ion secretion through the cystic 
fibrosis transmembrane conductance regulator (CFTR), crofelemer (previously known as 
SP-303) was investigated as an agent for the treatment of secretory diarrhea. Crofelemer 
was evaluated in patients with Traveler's diarrhea (most linked to enteric infections with 
enterotoxigenic E. coli [ETEC]) and HIV-associated diarrhea, which is a more diverse 
group of patients. 

The efficacy data obtained in patients with HIV-associated diarrhea was sufficient to 
obtain Fast-Track status from the FDA in 1998 and to have that status reaffirmed in a 
meeting with the FDA in April 2004. 

Traveler's diarrhea 

A total of 184 patients with traveler's diarrhea or non-specific diarrhea were enrolled in a 
Phase 2, double-blind, placebo-controlled dose-ranging trial in which crofelemer was 
given at a dose of 125 mg, 250 mg, or 500 mg qid for 2 days; crofelemer was 
administered as enteric-coated tablets in capsules. Compared to placebo, all three doses 
of crofelemer produced a statistically significant beneficial effect, including earlier 
recovery time (Figure 1), increased number of pati6nts experiencing recovery by 24 hours 
of treatment (Figure 2), reduction in overall treatment failure rate (Figure 3), and 
improved symptoms, including abdominal pain and urgency. The results from this study 
clearly demonstrate the activity of SP-303 and support its use in secretory diarrhea. 

Figure 1 Time to last unformed stool over 72 hours in phase 2 Traveler's 
diarrhea study 900 
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Figure 2 



Partial of complete improvement at 24 hours in phase 2 Traveler's 
diarrhea study 900 
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Figure 3 Treatment failures in phase 2 Traveler's diarrhea study 900 
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HIV-associated diarrhea 

Two studies were conducted with crofelemer in patients with chronic diarrhea associated 
with HIV/AIDS. In both trials, crofelemer produced clinically relevant decreases in stool 
weight and decreased stool frequency; significant improvements in gastrointestinal 
symptoms, particularly urgency, were also associated with crofelemer therapy. 
Significant reductions in stool chloride concentrations were noted in patients receiving 
crofelemer, confirming its preclinical mechanism of action. 

Croflemer was previously evaluated in a phase 2 study in patients with HIV-associated 
diarrhea entitled "A Double Blind, Randomized, Placebo Controlled, Phase II Study to 
Assess the Safety and Efficacy of Orally Administered SP-303 for the Symptomatic 
Treatment of Diarrhea in Patients with AIDS." An enteric coated bead formulation of 
crofelemer was given at doses of 500 mg qid for 4 days in a hospital inpatient setting. 
Crofelemer produced a substantial reduction in daily stool weight and frequency by Day 
4 (Figure 4). A random regression analysis of slopes revealed statistically significant 
differences in both stool weight (p=0.008) and in stool frequency (p=0.04) compared to 
placebo. Significant reductions in stool chloride concentrations compared to placebo 
were noted in patients receiving crofelemer (Figure 5), confirming its preclinical 
mechanism of action. 

Figure 4 Change in stool weight in study 37,554-209 (SP-303 500 mg beads 
versus placebo) 
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Figure 5 



Percent change in mean stool chloride concentration in study 37,554- 
209 (SP-303 500 mg beads versus placebo) 
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The significant efficacy observed in this phase 2 trial led to a phase 3 study, "A Double 
Blind, Randomized, Placebo Controlled, Phase III Study to Assess the Safety and 
Efficacy of Orally Administered SP-303 for the Symptomatic Treatment of Diarrhea in 
Patients with AIDS." In this study, 400 patients with chronic HIV-associated diarrhea 
were treated with crofelemer or placebo. Crofelemer was given at doses of 250 mg and 
500 mg enteric-coated tablets or 500 mg enteric-coated beads in capsules qid for 6 days 
in an inpatient setting; patients who responded to treatment were continued in a four- 
week blinded out-patient phase. In a random regression analysis, the difference between 
the 500mg tablet group and placebo was significant (p = 0.03). Analysis of patients who 
presented with several watery stools at baseline or who presented with at least one watery 
stool and an important gastrointestinal symptom demonstrated statistically significant 
efficacy for crofelemer treatment. 

Statistically significant efficacy of crofelemer is also observed in a subset of patients in 
the ITT population with at least one watery stool and some associated urgency at baseline 
defined as the "significant baseline diarrhea subset." Urgency was prospectively selected 
as an important marker of truly symptomatic patients, and was one of the most frequently 
reported gastrointestinal symptoms in the study. In the patients with watery stools and 
urgency at baseline, significant reductions in percent change in total stool weight (Figure 
6) and abnormal stool weight were observed. In both of these analyses, significant 
differences between active and placebo arms were observed starting at Day 2. Significant 
reductions in the frequency of total stools and abnormal stools were also observed in the 
significant baseline diarrhea subset. The number of patients who continued to experience 
watery stools on Day 7 was also significantly lower for the 500mg dose arms compared 



to placebo (Figure 7); confirming that both formulations, which protect crofelemer from 
the stomach environment, produced equivalent efficacy. 

Figure 6 Percent change in stool weight in significant baseline diarrhea subset 
in study 37,554-210 
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Figure 7 Patients with no watery stools on Day 7 in significant baseline 
diarrhea subset in study 37,554-210 




